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Abstract— Fiber Bragg grating (FBG) sensor system is being 
widely used as strain measurement system for civil structures. 
Nowadays, interest in using FBG sensor has been increased and 
widely used for health structural monitoring. In this paper, 
preliminary investigation on strain measurement for steel 
reinforcement bars due to different corrosion accelerated 
conditions is reported. The FBG sensors are used to measure the 
strain changes which the FBG sensor was glued to the surface of 
steel bars. Three (3) different corrosion accelerated conditions 
namely room temperature (RT), 5% of sodium chloride (NaCl) 
solution and distilled water (DW) were used to develop the strain 
change in steel reinforcement. The results shows that the 
corrosion accelerated is significantly affect the overall strain 
change on the steel bars. FBG sensors are also able to capture the 
strain of steel bars due to corrosion accelerated variations. In 
addition, the results obtained from the FBG sensors reveal that 
the strain of steel rods immersed in 5% NaCl solution was higher 
as compared to those immersed in distilled water and those 
exposed to room temperature. 
Keywords—strain monitoring; steel reinforcement bars; fiber 
Bragg grating; corrosion accelerated conditions 
I.  INTRODUCTION  
A variety of strain measurement is commonly used such as 
electrical strain gauges, linear variable differential 
transformers and vibrating wire strain gauges [1]. Previous 
research has been investigated on corrosion of steel bar 
embedded in mortar with respect to change in strain measured 
by strain gauge [2]. However, it was indicated that corrosion 
potential measured by strain gauge is affected by changes of 
mortar volume not by corrosion product formation. It is 
revealed that several of conventional strain gauges offered 
some disadvantages in terms of size and electromagnetic 
interference, ease of embedment and potential for 
multiplexing if  a  number of sensors  are used [3].  In the past  
 
 
years, interest in using fiber Bragg gratings (FBG) sensor in 
the development of structural health monitoring (SHM) have 
increased significantly due to its small size and the potential to 
provide a mean of remote detection with high precision and 
stability, immunization of light and insensitivity to 
environmental effects [4]. Interests in using kinds of novel 
FBG sensor in structure monitoring holds a great potential to 
allow strain measurement to be made in situations where the 
conventional strain gauge is unable to monitor the strain 
change. The use of FBG sensor enables direct strain 
measurement on reinforcement bars (steel rod) thus providing 
a more accurate data on initiation of corrosion [5]. Increasing 
demand in measuring strain of structures over long period of 
time as a monitoring technique has prompted the authors to 
explore further the strain change related to corrosion activity. 
It shows that FBG has been recognized as one of the most 
significant enabling technologies for fiber monitoring system. 
According to Montanini and Pirrotta [6], FBG is spectral 
filters that present a resonance at the Bragg wavelength, 
whose value depends on the effective refractive index of the 
core and on the grating pitch. Previous papers on application 
of FBG sensors have been published and documented [4]. In 
this case, it is proved that the FBG based sensor able to 
monitor physical parameters such as temperature, strain or 
pressure and it is capable to measure physical parameters 
simultaneously [7]. Several literatures have pointed out that 
measurement of strain change in steel reinforcement is 
recorded when the reinforced concrete specimens subjected to 
loads [8-13]. It is demonstrated that different types of loading 
like static load, fatigue load, thermal load and dynamic load 
significantly affect the strain measurement.  
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In comparison with previous studies, in this present 
research the strain measurement of steel reinforcement will be 
measured without applied load. Ideally, this research will 
provide the quantitative data on strain change and how it 
governs the potential of steel reinforcement expose to various 
corrosion accelerated condition. Document written by Zhou 
and Ou [14] show that change in strain of steel reinforcement 
is an alternative parameter that can be used to describe 
deformation and crack opening in concrete. Numerous of 
successful studies performed on development of FBG–strain 
sensor for monitoring system in civil engineering application 
[15-21]. However, none of these researches relate to change in 
strain of steel bars due to corrosion accelerated. 
As summary, it is reveals that the capability of FBG sensor 
to measure the strain parameter with their flexibility makes an 
ideal option to be adopted as a technique in this study. The 
multiplexed FBG sensors were used to measure strain and 
temperature simultaneously by measuring the reflected 
wavelength using FBG Interrogation System. Eventually, by 
integrating the parameters through a multiplexed FBG sensor 
measurement, a simultaneous monitoring system to detect 
corrosion initiation would be established.  
II. METHODOLOGY 
A. Preparation of Steel Bars 
In this study, a high yield strength steel bar as the 
properties is according to ASTM–A36 with nominal size of    
12 mm was used. Fig. 1 shows the length of steel bar used is 
300 ±5 mm with no existing corrosion. Then, the steel bar was 
cleaned using sandpaper and immersed in nitric acid until the 
steel is silvery in color. Before the sensors are mounted on the 
steel bar, the weight of bar was weighed. Then, the sensors 
were secured on the bar by fixing firmly to surface of steel 
bar. 
 
 
Fig.1.   Length measurement of the steel bar 
 
B. Preparation of FBG Sensor on the Surface of Steel Bars 
The sensor can be divided into two parts which are FBG-
strain sensor and FBG–temperature sensor. The FBG sensor 
that used in this study were fabricated and supplied by 
Photronix Technologies (M) Sdn. Bhd. The specification of 
fiber with Series 5147 single mode FBG fiber optic with 
6µm core diameter, 125 µm cladding diameter (NA, 0.2) and 
Bragg wavelength of 1554 nm (35 ±0.5 mm grating length) 
was selected. Table I shows the central of Bragg wavelength 
for each sensor is used in this research.  
 
 
Table I.  Central wavelength of Bragg at 25°C  
Sensor type/Label Center wavelength, nm 
Strain, S1 1543.170 
Strain, S2 1559.450 
Strain, S3 1540.870 
Temperature, T1 1550.380 
Temperature, T2 1545.220 
Temperature, T3 1565.850 
 
Prior to fitting the sensor to steel bar, the FBG sensor was 
glued directly onto steel bar using special glue based polymer. 
Then, the sensor was protected using silicone gel. Meanwhile, 
the existing fiber optic (without Bragg grating and sensor) was 
encapsulated inside tubular plastic pipe of diameter 1 mm to 
protect it from aggressive alkaline environment. Fig. 2 
illustrates the arrangement of the sensor fitted to the steel bar. 
 
 
 
 
 
 
 
 
 
 
Fig.2.   Preparation of sensors fitted to the steel bar 
C. Test Procedures 
After fitting the sensors to steel bar and protected using 
silicone gel, the specimens will undergo to accelerated 
corrosion conditions comprise of (i) control condition at 
room temperature (RT); (ii) immerse in distilled water (DW) 
and (iii) immerse in 5% of sodium chloride (NaCl) solution 
as shown in Fig. 3. The steel bars were exposed to corrosion 
conditions for two (2) months. To ensure the steel rod is 
completely submerged in solution, constant depth of 50       
±5 mm from surface were maintained. The strain initiation 
and temperature changes are evaluated by FBG Interrogation 
system unit (FBG Scan 700).  
 
 
 
 
 
 
 
 
 
 
 
Fig.3.    Steel bars exposed to accelerated corrosion 
Strain Sensor Temperature Sensor 
DW solution 
NaCl solution 
Room Temp. 
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D. Principles of Fiber Bragg Grating (FBG) Sensor 
The transmitted optical wavelength corresponding to the 
strain and temperature changes are recorded. From these 
measurements, the fractional change in reflected wavelength 
over the strain and temperature will be calculated for all FBG 
sensor scanned. Fig. 4 represents the principle setup for 
monitoring the changes in strain and temperature using FBG 
sensors. 
 
Fig.4.   Test–setup for monitoring the strain and temperature on steel bar using 
FBG 
 
In this experiment, a broadband light source is 
transmitted to the FBG through in–line single fiber optic. 
When the broadband light passes through the proposed FBG 
sensor, the narrowband spectra components corresponding to 
the FBG sensor wavelength is reflected. The shift Bragg 
wavelength consists of (i) Bragg wavelength due to strain 
change; and (ii) Bragg wavelength due to temperature 
change. All the reflected signals were recorded and the 
spectra of reflected light were plotted using a FBG 
Interrogation System unit.  
The principle of FBG is to measure the shift of reflected 
Bragg wavelength (λB), which is related to the effective 
refraction index (neff) and the periodicity (Λ) of the index 
variation of the grating area in fiber core. The strain can be 
determined using Equation (1).  
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where, 
m= wavelength shift of strain-measuring FBGs 
om= base wavelength of strain-measuring FBGs 
c = wavelength shift of compensation FBGs 
oc = base wavelength of compensation FBGs 
 
III. RESULTS AND DISCUSSIONS 
A. Simultaneous Measurement of Wavelength Shift of Strain 
and Temperature using FBG Sensor 
Responses to changes of simultaneously measured Bragg 
wavelength shift for strain and temperature of FBG sensors 
are demonstrated. Fig. 5 shows the result on Bragg 
wavelength shift of strain and temperature when the steel 
bars exposed to room temperature (RT). The initial FBG 
sensor wavelength recorded are 1541.465 nm (S3) and 
1566.138 (T3) having reflectivity of 91.39% and 85.12%, 
respectively. Meanwhile, the initial wavelength measured by 
FBG was 1543.772 nm (S1) and 1545.537 nm (T1) for that 
steel bar immersed in distilled water (DW). Fig. 6 displayed 
the wavelength shift results for strain and temperature of 
steel bar immersed in DW. The initial wavelengths of 
1559.778 nm (S2) and 1545.537 nm (T2) with reflectivity of 
93.60% and 86.16% are recorded for sodium chloride (5% 
NaCl). The results on wavelength shifts of strain and 
temperature are illustrated in Fig. 7. 
 
 
 
Fig.5.   Bragg wavelength shift of steel bar due to room temperature exposure 
 
 
 
Fig.6.   Bragg wavelength shift of steel bar due to distilled water exposures 
 
 
 
Fig.7.   Bragg wavelength shift of steel bar due to sodium chloride exposures 
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The simultaneously measurement of FBG sensor changes 
with strain and temperature were discussed. It was found that 
both wavelength shift effects are only possible by different 
corrosion exposures. The graphs illustrates that the 
temperature recorded by FBG sensor has very strong impact 
on the FBG sensor signals for steel bars expose to distilled 
water and 5% sodium chloride as compared to room 
temperature. It is can be seen that there is minimal changes 
to wavelength shift for strain and temperature of steel bar 
expose in control condition (room temperature) as there is no 
strain applied and the temperature is constant. 
The graphs of wavelength shift for FBG–strain sensors 
and FBG–temperature sensors demonstrate consistent 
measurement of strain with the output values being 
independent of temperature values. The peak wavelength 
shift readings for FBG–strain sensor and FBG–temperature 
sensor are recorded at 29 days of exposure for all exposure 
conditions. The wavelength shifts increased uniformly after 
the light launched into the optical ﬁber at day-1. Then, the 
readings decrease significantly until day-53. It is noted that, 
the expose of distilled water and 5% sodium chloride affect 
the Bragg wavelength shift readings considerably with 
respect to elapsed time. By measuring the Bragg wavelength 
shift, the aim of measuring the temperature and strain 
simultaneously with one fiber grating is realized. In the 
experiment, it can be seen that the change on wavelength 
shift for strain and temperature of sampled FBG change 
simultaneously. 
 
B. Interaction between Strain and Exposure Conditions 
Fig. 8 shows the typical reflection peaks of fiber Bragg 
grating (FBG) sensor. In order to measure strain changes of 
exposed steel bars, the wavelength recorded by FBG 
Interrogation unit were calculated using Equation (1) taking 
into consideration the temperature effect. The strains on the 
steel bars due to different exposure conditions are displayed 
in Fig. 9. From the figure, it is observed that the performance 
of FBG could be by observing the increment of wavelength 
spectrum. At initial region, the readings obtained can be 
considered not measurable and hence strain was not 
measured. In this stage, the system is considered to be 
integrated with the surrounding environment before the FBG 
was performed and the reading is fully dependable to 
temperature effect. After 14 days of exposures, the strain 
readings are gradually increased due to mechanical 
deformation changing of the expose bars. The highest value 
of strain picked up by FBG is 11.6587 after exposed for 
1–month to 5% NaCl solution compared to other exposures. 
The difference in values between sensors may be explained 
by the small difference in the cross sectional area of the steel 
bars.  
 
  
Fig.8.    Typical FBG sensor reflection peaks recorded by FBG sensor at 14
th
 
days of exposures 
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Fig.9.   Strain on steel bars due to different exposure conditions 
 
It is also shown that the strain readings for steel rods 
immersed in distilled water and 5% sodium chloride have a 
highest strain compared to steel bar exposed to control 
condition (room temperature). This is meant that the 
expansion of cross sectional area of steel bars hosted by 
strain-FBG sensors is proportional to the elapsed time of 
exposure. It can be observed that, the effect of exposure 
condition in room temperature is not much significant on the 
measurement of the changes in the strain as compared to 
other exposure conditions. By comparing the performance of 
the strain-FBG sensors, it is possible to draw the preliminary 
conclusion on the suitability of FBG sensor to measure the 
strains on cross sectional area of steel bars under different 
exposure conditions. 
 
IV. CONCLUSIONS 
From this finding, the conclusions can be drawn as follows: 
 
1. It is demonstrated that implementing the FBG sensor 
offers simultaneous strain and temperature of steel bars 
exposed to different exposure conditions. 
2. FBG sensors are also able to capture the strain of steel 
bars with respect to corrosion accelerated variations. 
Initial region  
S3 
S1 
T2 
T1 
S2 
T3 
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3. Strain readings on steel bars exposed to distilled water 
and 5% NaCl shows more effects as compared to control 
condition (room temperature). 
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